Introduction
For protons with energies up to 400 GeV classical theory shows that the critical energy of the synchrotron radiation due to the constant field of the bending magnets is in the far infrared with a negligible part in the visible light spectrum. However it was shown that the magnetic field discontinuity at the edges of the bending magnets shifts the spectrum to the visible region where the normal light detectors can be usedl). This 'edge effect" allowed the detection of visible synchrotron radiation emitted by high energy protons in the CERN Super Proton Synchrotron (SPS))2. The first application of this effect was to measure by a non-interceptive method the transverse proton density distribution for an ener above 270 GeV and intensity greater than I x10 protons3). The theory of the undulator is well developed5). For a transverse magnetic field (Fig. la) 
By
Bo sin (2lTz/Xu), the radiation emitted by relativistic particles is concentrated in a narrow cone of half aperture -l/y (Fig. lb) The magnetic structure being of finite length the theoretical power spectrum given by eq. 1 has to be convolved with the Fourier transform of a square wave (sin x/x function). It becomes larger and fits with the photo cathode response of the image detector. Taking into account the finite length of the undulator and the proximity of the two adjacent magnets, spectral and angular distributions of the radiation were calculated and experimentally verified8). The combined influence of the undulator and the edge effect are in good agreement with the predicted values. At 270 GeV the power in the visible light reaching the detector was measured and found to be equal to 70 times the power given by the edge effect, as expected by integrating the theoretical spectrum shown in Fig. 4 .
The Detector
The experimental set-up (Fig.2) Since the light emitted at the undulator level is proportional to the number of particles, the image at the input of the camera corresponds to that of the p or p transversal density multiplied by the magnification factor (1/4).
Errors due to diffraction and depth of field have been analysed and found to be less than .2 mm for both9).
The image detectors consist of a micro-channel image intensifier followed by very sensitive Vidicon of Silicon Intensified Target type (SIT) for p and of Intensified Silicon Target type (ISIT) for pi.
The special associated electronics has two fundamental purposes: the bunch selection, by gating the micro-channel intensifier to take the light emitted by only one bunch at each revolution, and the record of the individual bunch profiles in the vertical and horizontal planes. To do so, the vidicon target is analysed over the surface of interest (90 lines, 90 columns) with a resolution of (32x32) pim2. Each diode charge is scanned at a rate of 40 ms, amplified, converted into digital form and stored into a memory. All the memories (90 x 90) can be accessed by computer. To reduce the data transfer to the computer, when only the horizontal and vertical profiles are requested, a summation line-by-line and column-by-column is made by hardware.
Experimental results
Having gained two orders of magnitude in sensitivity with the undulator and detector, beam profiles with an antiproton bunch intensity as low as 109 particles were recorded at 270 GeV.
Being a non interceptive device, the horizontal and vertical profiles of the p and p beams are continuously displayed by hardware in the control room giving an on-line diagnostic in case of large and rapid variations either in beam position or dimensions.
To record the beam profile behaviour during a pp coast, digital acquisition and processing are made on request. The beam sizes are defined by the standard deviations a of the distribution converted in mm at the source location (undulator). Fig. 5 shows a typical print-out of the 3 p and the 3 p bunch profiles in the vertical plane. From the whole memory a 3 dimension antiproton single bunch profile can be displayed (Fig. 6) .
At low intensity special care must be taken to eliminate the vidicon dark current by calibration with a shutter in front of the camera.
Usually the beams are gaussian, which is checked by an on-line gaussian fit of the distribution. But at low intensity (< 3 x 109 particle/bunch) some noise could remain in which case the gaussian fit gives a better approximation than the raw o. The luminosity evolution during a coast (Fig. 7 
